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repulsion grounds. Either of these would lead to trans
product.!314

Treatment of 8 with sodium hydride-benzene (1 equiv of
8 and 1.6 equiv of base) at room temperature for 96 hr gave
a 74% yield of dihydrofuran derivative 14 [\, CHCI 1755,
1730, 1690, 1644 cm™1; ApacMeOH 255 nm (¢ 12,200); m/e
286 (P); nmr (Chart I*2), While we do not rule out the pos-
sibility of small amounts of products derived from C-alkyl-
ation, O-alkylation is again the predominant pathway. It
should be noted that in the case of closely related com-
pound 15, which differs from 8 only by carboalkoxyl vs.
acetyl deprotonation induces rapid scrambling of the est-
ers,!c undoubtedly via homoconjugate attack. Whether
such an equilibrium is concurrent with the O-alkylation
reaction is not known.

In an attempt to study the consequences of generating a
monostabilized enolate in an intramolecular relationship to
a cyclopropane ring, compound 10 was treated with sodium
hydride-benzene and a trace of methanol. There was thus
obtained, in 65% crude yield, the difficultly crystalline
Dieckmann product 16,515 mp 35°. The predominant tau-
tomeric form is tentatively assigned as shown, on the basis
of the chemical shifts (Chart 1'2) which seem most compat-
ible with the presence of an allylic type methyl. After
Dieckmann cyclization had been undergone, possibility of
ring mutation is blunted since an endocyclic type of SN2
displacement would now be required.16
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Selective Metalations of Methylated Heterocycles. III.
Thermodynamic vs. Kinetic Control

Summary: Ethereal solutions of 2-lithiomethyl-4-methyl-
quinoline (4a) can be isomerized to 4-lithiomethyl-2-meth-
ylquinoline (4b) and vice versa as a function of solvent and
time.

Sir: Recently, selective metalations of one or the other of
two methyl groups substituted 2 or 4 to the ring nitrogen
atoms of 2,4-lutidine (1), 2,4,6-collidine (2), and 2,4-di-
methylquinoline (3) as a function of the metalating agent
were described.! In essence, exclusive metalations of the 2-
or 4-methyl groups of such compounds were realized with
n-butyllithium in ether-hexane and sodium amide in liquid
ammonia, respectively.
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We now wish to report that, though selective metalations
of polymethylated pyridines and quinolines continue to be
realized, different organolithium derivatives can be cleanly
obtained as a function of the ethereal solvent and the reac-
tion periods employed. Thus, metalation of 3 by n-butyl-
lithium in THF-hexane gives only 4a after 1 hr, mixtures
of 4a and 4b after 24 hr, and only 4b after 144 hr. That 4a
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and/or 4b were indeed present was demonstrated by con-
densation with benzophenone to afford 5al or 5b,! respec-
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tively. Interestingly, the rate of isomerization of 4a to 4b is
dramatically increased in the presence of an extra equiva-
lent of 3 since only 4b is present at the end of 1 hr.
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In contrast to the conversion of 4a to 4b in THF-hexane,
4a, prepared from 3 and n-butyllithium in ethyl ether~hex-
ane, did not isomerize to 4b even after 96 hr. In fact, the
opposite could be realized. Thus, 4b was prepared from di-
methylaminolithium and 3 in THF-hexane and the reac-
tion mixture was divided into two parts. One part was
trapped with benzophenone to afford 5b. The other part
was evaporated to dryness and treated with ethyl ether, 3,
and benzophenone to give only 5a.

It can be concluded from the above that the formation of
solvated organometallics 4a and 4b is either kinetically or
thermodynamically controlled depending on the solvent.
Thus, 4a solvated by THF is the kinetic product while 4a

solvated by ethyl ether is the thermodynamic product. On

the other hand, 4b solvated by THF is the thermodynamic
product while 4b solvated by ethyl ether is the kinetic
product. The relative thermodynamic stabilities of solvated
4a and 4b can be rationalized on the. basis that the less
sterically bulky THF interacts less with the peri-hydrogen
atom of 4b than does ethyl ether.

These isomerizations are similar to those obtained with
excess alkylbenzenes and alkylsodium and potassium re-
agents,? and to those realized with certain alkali derivatives
of benzyldimethylamine,® though no solvent effects were
reported. The interconversions of 4a and 4b probably occur
via a small amount of unionized 3 but may also involve di-
anion 4c¢; compounds like 4¢ have recently been prepared
from polymethylpyridines.*

CH,Li

=

P

CH,Li
4c

In conclusion, synthetically useful side-chain metala-
tions of six-membered polyalkyl nitrogenous aromatic het-
erocycles can be realized provided that careful attention is
directed toward the choice of solvent, metalating agent,
metallic cation, and time. Studies on systems other than 3
are currently under investigation in these laboratories.
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A Unique Example of Virtual Proton-Proton Coupling
in Purine Nucleosides

Summary: A unique long-range virtual coupling between
C-1" H and C-8 H of 2’-O-benzy! derivatives of adenosine
and inosine is reported.

Sir: Our interest in developing techniques for the chemical
synthesis of oligoribonucleotides of defined chemical struc-
ture has led to the synthesis of a number of ribonucleosides
having the 2’- or 8’-hydroxyl function selectively protected
by a benzyl! or p-methoxybenzyl? group. It was of interest
to study the conformation in solution of certain of these
benzyl ribonucleosides, since molecular models suggested
that overlap (stacking) of the benzene and heterocyclic
moieties could occur in the 2-O-benzyl series but not in the
3’-0-benzyl nucleosides (Figure 1). As has been previously
shown by a number of groups,3-® pmr spectroscopy in aque-
ous (D20) solution affords an excellent method of evaluat-
ing a stacking interaction between two or more “heteroaro-
matic” bases in a molecule.

/ H,

Figure 1

Examination of the pmr spectra of 2/-0O-benzyladenosine
(1) and 2’-O-benzylinosine (2) in D50 solution (~0.10 M) at
60 MHz revealed a striking anomaly in the signal attribut-
able to C-1’ H. 3-D-Ribofuranosylpurine spectra normally
exhibit J1 o values of around 6 Hz and the C-1’ H signal
appears as a clean doublet. This was indeed the case for 1
and 2 in (CD3)eSO solutions. In D>0, however, the signal
due to C-1’ H appeared as a complex multiplet. The spec-
trum of 2’-O-benzyluridine, on the other hand, revealed an
entirely normal doublet Jy o = 6.0 Hz) attributable to the
C-1’ H signal.

As previously observed,!2 2’-0-benzyl ribonucleosides in
aqueous solution appear to exist in a “folded” conforma-
tion (Figure 1) in which the benzene ring is stacked with
the heterocyclic moiety. It was, therefore, of interest to de-
termine if an elevated temperature would lead to unstack-
ing and whether this would have an effect on the multiplic-
ity of the C-1" H signal. Therefore, pmr spectra were re-
corded of a 0.046 M solution of 1 in D0 at 30° and at 70°.
Unstacking at the higher temperatures was confirmed by
the downfield shifts of 0.06, 0.13, 0.10, and 0.10 ppm for C-
8 H, C-2 H, the phenyl protons, and C-1’ H, respectively.
The differential shifts of C-8 H and C-2 H support a con-
formational model in which the benzene ring is stacked pri-
marily over the pyrimidine ring of the purine. In addition
to the deshielding experienced by C-1’ H over this temper-
ature range, the signal collapsed from the multiplet to a
clean doublet (J1 2 = 5.5 hz). This observation strongly
suggested that the observed multiplicity arose from a con-
formationally dependent long-range coupling between C-1/
H and another proton in the molecule resulting from stabi-
lization of a specific ribose conformation by an intramolec-
ular stacking interaction. Unstacking at higher tempera-
ture presumably permits the establishment of a mobile
equilibrium of conformers. Because of the complexity of
the spectrum arising from the sugar portion of the molecule



